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httpHigh-deﬁnition video-assisted transaxillary ﬁrst rib
resection for thoracic outlet syndrome
Yiu Che Chan, MB, BS, BSc, MD, FRCS,a and Hugh A. Gelabert, MD,b Hong Kong; and Los Angeles, Calif
Transaxillary ﬁrst rib resection is a well-established effective surgical treatment for patients with symptomatic thoracic
outlet syndrome, but surgical access may be limited and visualization is constrained. The use of high-deﬁnition video-
assisted imaging overcomes these limitations. The use of high-deﬁnition video-assisted visualization of the anatomy
enhances the surgeon’s tactile feedback of the rib from the small open wound and is effective in providing better surgical
access and allows clear identiﬁcation of vital structures for the operating surgical team. This technique enhances the
appreciation of anatomic detail, situational awareness of the team, and allows for more efﬁcient assistance to the surgeon.
Improved visualization also facilitates effective education of nurses, residents, and students. (J Vasc Surg 2013;57:1155-8.)Transaxillary ﬁrst rib resection is a well-established of video-assisted imaging is more recent.10-18 With the
surgical treatment for patients with symptomatic thoracic
outlet syndrome.1 However, there are well-recognized
limitations2: the wound is deep, access is limited, and the
anatomy is complex.
The Gonda (Goldschmied) Vascular Center at UCLA
has been a tertiary referral center specializing at transaxillary
ﬁrst rib resection for patients with thoracic outlet syndrome
since the 1980s. More than 1000 transaxillary ﬁrst rib
resections have been performed to date and results from
1984 to 2010 have been published.3-9 We have recently
adopted use of high-deﬁnition (HD) video-assisted imaging
as a routine part of our transaxillary decompression surgery.
This report details our use of HD video-assisted system
for clear identiﬁcation of the vital structures to avoid poten-
tial neurovascular complications in performing transaxillary
thoracic outlet decompression.
TECHNIQUE
The open surgical technique of transaxillary ﬁrst rib
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://dx.doi.org/10.1016/j.jvs.2012.10.089help of the endoscope, the open transaxillary wound is
substantially shorter. The patient is placed in a lateral thora-
cotomy position with the arm wrapped in a stockinet and
placed with the elbow ﬂexed over the patient’s face secured
on a well-padded retractor. A 4-cm-long incision centered
at the apex of the axilla between the pectoralis major ante-
riorly and the latissimus dorsi posteriorly is made.
We have recently added the use of a Storz (El Segundo,
Calif) High-Deﬁnition imaging system (Karl Storz HD
camera head, AIDA HD connect 22201020 HD processor,
HD Display) with native resolution displayed at 1920 
1200 (Widescreen Ultra eXtended Graphics Array
[WUXGA]) video-imaging to assist the transaxillary ﬁrst rib
dissection. The 10-mm 30 endoscope is introduced with
different instruments through the same open incision. The
ﬁrst assistant holds the endoscope in place, and the image is
projected onto two large HD video screens facing the oper-
ating surgeon and the assistant (Fig 1). The vital structures
(the subclavian vein, the subclavian artery, and brachial
plexus) are carefully identiﬁed (Fig 2). The operating surgeon
can perform the dissection while looking at the magniﬁed
view on the video screen and also by looking through the
open wound at times when tactile feedback is necessary in
relation to the ﬁrst rib and clavicle. The same incision is
used for both the endoscope and the surgery. The lung
does not need to be collapsed during the procedure. No
additional chest ports are required.
All the muscles, tendons, and ends of the ﬁrst rib are
divided under direct vision. The HD magniﬁed view allows
appreciation of minute anatomic detail and is invaluable
both in the performance of the surgery and also for training
and teaching purposes.
In this procedure, we are utilizing equipment that is
presently in use as a common surgical resource in our oper-
ating rooms. The additional operational cost would be for
the sterilization of the laparoscope, and no disposable
equipment is used. There is no signiﬁcant additional time1155
Fig 1. The setup in the operating room with the operating surgeon and the ﬁrst assistant surgeon each facing a video
screen. The assistant surgeon holds the endoscope.
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additional minutes to the total surgical time.
DISCUSSION
Thoracic outlet syndrome results from compression of
the neurovascular structures, which transit the anatomic
outlet of the thorax, with hypertrophy and spasm of
muscles in the region augmented with impingement from
the bony and ligamentous structures. The clinical presenta-
tion relates to the speciﬁc structures that are compressed. It
is imperative to clearly identify and distinguish vital struc-
tures during the surgical procedure.
The operative procedure of transaxillary ﬁrst rib resec-
tion requires special instrumentation and training. Speciﬁc
attention is paid to the identiﬁcation of insertion of the
muscles such as subclavius, scalene muscles (scalenus ante-
rior and scalenus medius), and other ligamentous bands
together with clear identiﬁcation of the subclavian vein,
artery, and brachial plexus. The subclavius muscle (arising
from the ﬁrst rib and its cartilage at its junction in front
of the costoclavicular ligament) passes superolaterally to
be inserted on the under surface of the clavicle between
the costoclavicular and coronoid ligaments.19 The subcla-
vian vein passes anteriorly to the anterior scalene behind
the subclavius as it crosses over the ﬁrst rib.20 The brachial
plexus and the subclavian artery pass between the anterior
and middle scalene muscles.
The principal disadvantage of transaxillary ﬁrst rib
resection rests with an unusual approach to a complex
anatomic region along with restrictions of visualization,
which are inherent to the position of the incision and
the reach of the dissection. The surgical assistant and
trainee students or residents often have a restricted view
and may not fully appreciate the intimate relationshipbetween the musculotendinous structures. The scrub
nurse and anesthetist often have no idea on the progress
of the operation. The addition of an endoscope allows
a clear, magniﬁed view of the dissection ﬁeld through
a small incision. Our HD modiﬁcation of video imaging
increases the detail of imagery and allows appreciation of
minute structures in immaculate detail. The operating
surgeon, the assistant, and the nursing staff can all observe
the procedure on a monitor, improving the situational
awareness and allowing better coordination toward the
progress of the surgery. The addition of the HD video-
scope is not a hindrance to direct access to the surgical
ﬁeld. If necessary, the endoscope can be removed
momentarily to allow the operator to have access for
surgical instrumentation (for instance, during the process
of rib removal after careful identiﬁcation and division of
musculotendinous structures). In particular, the transac-
tion of the ﬁrst rib posteriorly adjacent to the T1 nerve
root is a portion of the operation, which requires care;
however, with good visualization and appropriate instru-
mentation, it is readily accomplished. In most instances,
we are able to resect the entire rib including the articular
surface. In few infrequent instances, we may leave up to
0.5 cm length of bone. This technique is also valuable
in transaxillary resection of cervical ribs. For complete
cervical ribs, we will remove the entire rib; for incomplete
cervical ribs, we will remove the lower ﬁbrous band via the
transaxillary approach; and if the cervical rib is very short,
we will leave the bony segment in place. If a short cervical
rib is impinging directly on the brachial plexus, we can
resect this from a supraclavicular approach. Using the vid-
eoscope, the long thoracic nerve may sometimes be visu-
alized from a transaxillary approach, however, this is not
commonly done. This nerve is not usually directly
Fig 2. Video screen showing the dissection of subclavius muscle (SC) and the subclavian vein (V) (A); the isolation of
scalenus anterior (SA) with Lahey forceps subclavian artery (A) lies behind the instrument, subclavian vein (V) in the
foreground (B); isolation of a scalenus minimis muscle (SM) between subclavian artery (A) and the lower trunk of the
brachial plexus (BP) (C); division of the ﬁrst rib under direct vision (D).
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as this would require a slight deviation from the ideal
surgical plane.
A number of different techniques have been described,
but none had used the HD system. Martinez et al ﬁrst initi-
ated an endoscopic-assisted approach in transaxillary ﬁrst
rib resection.10,11 Urschel et al12 also employed this
method in a small cohort of patients. Martinez et al13
described the robotic ﬁrst rib resection using the Aesop/
Hermes (Computer Motion, Goleta, Calif) and the daVinci
(Intuitive Surgical, Inc, Sunnyvale, Calif) systems in 2005.
Morgan et al14 use video-assisted thoracoscopic surgery to
resect a large T1 nerve root neuroﬁbroma. Abdellaoui
et al15 reported satisfactory results on 28 endoscopic-
assisted transaxillary ﬁrst rib resection procedures, but the
complication rate was high at 11%. Candia-de la Rosa
et al16 reported 22 transaxillary ﬁrst rib resections with endo-
scopic support, but their surgical wounds were substantial at 8
cm long. Thoracoscopic-assisted ﬁrst rib resection has also
been described, but the lung had to be collapsed and the
pleura dissected away.17 Other authors reported three
patients who had extirpation of the ﬁrst rib using video-
assisted thoracoscopy with three ports of entry.18 The inter-
vention involved the opening of the parietal pleura, with risksto the internal mammary vessels, subclavian vessels, and the
brachial plexus.
There are a few limitations to the transaxillary approach,
and these disadvantages are still present even when HD
video is used. In decompression of the thoracic outlet,
only the lower 2 cm of the scalene muscles can be resected;
the remaining upper portions of the scalene muscles remain
in place. The supraclavicular or paraclavicular approach is
superior in those instances where we wish to resect the
upper portions of the scalene muscles or when we need to
work directly on the brachial plexus, subclavian artery, or
subclavian vein. We would also advise the supraclavicular
approach for adhesiolysis of the brachial plexus, subclavian
artery and/or vein for recurrent symptoms, as the transax-
illary access is very limited.
We believe our technique of HD video-assisted trans-
axillary ﬁrst rib resection has the advantage over full endo-
scopic approaches. Manual tactile feedback of the ﬁrst rib is
maintained, together with the magniﬁed immaculate view
of the subclavian artery, vein, and brachial plexus. The
surgeon will have increased conﬁdence to dissect or divide
the different soft tissue bands that interlaced the vital struc-
tures. As in any type of surgery where the target anatomy is
not immediately seen from the surgical wound, the use of
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access without the need to extend the surgical wound.
Better visualization and identiﬁcation of the different
anatomic structures allows a safer dissection and also
reduces the number of complications. In tertiary teaching
institutions, HD video-assisted imaging provides an imme-
diate means of imaging complex anatomical relationships
and illustrating surgical principles and practice.
The authors are grateful toDr K. X.Qing,MD,Division
of Vascular and Endovascular Surgery, Department of
Surgery, University of Hong Kong Medical Center,
Hong Kong for his technical support in preparation of
Figs 1 and 2.REFERENCES
1. Roos DB. Transaxillary approach for ﬁrst rib resection to relieve
thoracic outlet syndrome. Ann Surg 1966;163:354-8.
2. Sanders RJ, Pearce WH. The treatment of thoracic outlet syndrome:
a comparison of different operations. J Vasc Surg 1989;10:626-34.
3. Makhoul RG, Machleder HI. Developmental anomalies at the thoracic
outlet: an analysis of 200 consecutive cases. J Vasc Surg 1992;16:
534-42.
4. Machleder HI. Evaluation of a new treatment strategy for Paget-
Schroetter syndrome: spontaneous thrombosis of the axillary-
subclavian vein. J Vasc Surg 1993;17:305-7.
5. Altobelli GG, Kudo T, Haas BT, Chandra FA, Moy JL, Ahn SS.
Thoracic outlet syndrome: pattern of clinical success after operative
decompression. J Vasc Surg 2005;42:122-8.
6. Jordan SE, Ahn SS, Gelabert HA. Combining ultrasonography and
electromyography for botulinum chemodenervation treatment of
thoracic outlet syndrome: comparison with ﬂuoroscopy and electro-
myography guidance. Pain Phys 2007;10:541-6.
7. Gelabert HA, Machleder HI. Diagnosis and management of arte-
rial compression at the thoracic outlet. Ann Vasc Surg 1997;11:
359-66.8. Gelabert HA, Jimenez JC, Davis GR, Derubertis BG, O’Connell JB,
Rigberg DA. Early postoperative hemorrhage after ﬁrst rib resection for
vascular thoracic outlet syndrome. Ann Vasc Surg 2011;25:624-9.
9. Gelabert HA. The thoracic outlet syndrome. In: Moore WS,
Jimenez JC, editors. A Handbook of vascular disease management.
Singapore: World Scientiﬁc Publishing Co Ltd; 2011. p. 251-73.
10. Martinez B. Thoracic outlet syndrome, intraoperative endoscopic video
recording evaluation. American College of Surgeons Library, October
1985, Catalog ACS 1397.
11. Martinez B. Adjunctive endoscopic video technique in transaxillary ﬁrst
ribs resection for thoracic outlet syndrome: ten years experience.
American College of Surgeons Library, October 1996, Catalog
ACS 2008.
12. Urschel HC Jr. The transaxillary approach for treatment of thoracic
outlet syndromes. Semin Thorac Cardiovasc Surg 1996;8:214-20.
13. Martinez BD, Wiegand CS, Evans P, Gerhardinger A, Mendez J.
Computer-assisted instrumentation during endoscopic transaxillary ﬁrst
rib resection for thoracic outlet syndrome: a safe alternate approach.
Vascular 2005;13:327-35.
14. Morgan CJ, Lyons J, Ling BC, Maher PC, Bohinski RJ, Keller JT, et al.
Video-assisted thoracoscopic dissection of the brachial plexus: cadaveric
study and illustrative case. Neurosurgery 2006;58(4 Suppl 2):287-91.
15. Abdellaoui A, Atwan M, Reid F, Wilson P. Endoscopic assisted trans-
axillary ﬁrst rib resection. Interact Cardiovasc Thorac Surg 2007;6:
644-6.
16. Candia-de la Rosa RF, Pérez-Rodríguez A, Candia-García R, Palacios-
Solís JM. Endoscopic transaxillary ﬁrst rib resection for thoracic outlet
syndrome: a safe surgical option. Cir Cir 2010;78:53-9.
17. Ohtsuka T, Wolf RK, Dunsker SB. Port-access ﬁrst-rib resection. Surg
Endosc 1999;13:940-2.
18. Loscertales J, Congregado M, Jiménez Merchán R. First rib resection
using videothorascopy for the treatment of thoracic outlet syndrome.
Arch Bronconeumol 2011;47:204-7.
19. Standring S, editor. Gray’s anatomy. 40th ed. Churchill Livingstone.
London: Elsevier; 2008.
20. Akita K, Ibukuro K, Yamaguchi K, Heima S, Sato T. The subclavius
posticus muscle: a factor in arterial, venous or brachial plexus
compression? Surg Radiol Anat 2000;22:111-5.
Submitted Sep 18, 2012; accepted Oct 17, 2012.
